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ABSTRACT
QUANTIFYING VULNERABILITY AFTER THE STORM:
HURRICANE KATRINA CASE STUDY
by Jennifer Lori Bonin
December 2012
We can predict social and physical vulnerability with relatively accurate
modeling. There are, however, very few consistent models to predict economic
vulnerability outside of loss estimation models designed by economists. The index in this
dissertation predicts which areas are most economically vulnerable in terms of job loss.
Communities rely on their ability to work and contribute to the tax base. Without that
base, a community will take longer to recover after a disaster. Which industries,
professions, and environmental factors most influence a community’s economic
vulnerability in the wake of a disaster? This dissertation presents an index for measuring
economic vulnerability at census block level in the event of a land falling tropical cyclone
and utilizes data from the Mississippi Coast in the wake of Hurricane Katrina.
Studies that combine local-scale meteorological information and demographic
data with statistical analysis yield a wealth of insight about communities in need of most
aid before and immediately following a disaster.
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CHAPTER I
INTRODUCTION
Which factors most influence a community’s economic vulnerability in the wake
of a disaster? Can an index be used to predict levels of unemployment due to a tropical
cyclone? The Social Vulnerability Index (SoVI) measures vulnerability based on
socioeconomic variables. Meteorological and physical factors in the Sea, Lake and
Overland Surges from Hurricanes (SLOSH) model estimate a location’s storm surge
potential. FEMA’s HazUS-MH estimates three main areas of potential losses including
physical damage, economic loss, and social impacts in the event of flood, earthquake, or
hurricane. Like the preceding indices, the model in this dissertation is based on statistical
analysis of selected variables. However, it is founded upon all Gulf Coast states’
unemployment rates in the wake of Hurricanes Katrina, Ike, Charley, and Ivan that
measure economic vulnerability in the event of a disaster. The results yield which
populations are most vulnerable of being unemployed by industry and occupation after a
disaster event.
Studies combining physical and social data with statistical analysis identify
communities in most need of specific resources in the event of a disaster (Cutter and
Emrich 2006). Knowing which areas the most need help before during and after the storm
and in the recovery phase can lead to building resistance to future disasters (Cassity
2009). This research, through these interconnections produces a working model, which
when used with other vulnerability measures, identifies areas in most need due to
preexisting socioeconomic conditions, meteorological severity, and economic
vulnerability.
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Study Area
Physiographic Characteristics of the Study Region
The Gulf of Mexico is the ninth largest body of water in the world. The Gulf
region covers more than 73 million square miles (1.9 million km2) including open water,
barrier islands, coastal lagoons, and coastal wetlands in the United States and Mexico.
Thirty-three major river systems feed into the Gulf of Mexico and contribute to over 200
estuarine systems. The Gulf coastline in the U.S. is 1,823 miles (2,934 km), 1,988 miles
(3,200 km) in Mexico and 300 miles (482 km) in Cuba (Yanez-Arancibiaa and Day
2004)
The U.S. Gulf Coast region extends from Brownsville, Texas, to the Florida Keys
and encompasses coastal plains and deltas of the Gulf of Mexico (Figure 1). The geology
of the region consists of coastal plain deposits and sediments transported from the
Mississippi River Delta system.
The region has numerous barrier islands, bays, and marshes that provide
important natural benefits such as the critical coastal habitat for wintering waterfowl and
migrating birds dominate the coastline. Additionally, these valuable habitats of
marshlands and barrier islands are critical to buffering human populations and property
from the floodwaters of storms by providing resistance that reduces the storm surge
height and inland limit (NOAA, Natural Resource Restoration 2011).
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Figure 1. Study Area Physiography and Infrastructure. Source: ESRI Gtopo_1km 2012
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Economic Characteristics of the Study Region
The Gulf of Mexico is a major economic asset to the United States. The U.S. Gulf
Coast has a multi-billion dollar economic value associated with marine transportation,
recreational and commercial fishing, seafood production, oil and gas production
aquaculture, and tourism (Cato and Kumpf 1991).
The Mississippi River Delta is a gateway for the movement of goods and
materials to, from, and within the United States (Dubiel and Warwick 2009).The Port of
South Louisiana in LaPlace, New Orleans, and Houston were three of the ten busiest
ports in the world by total cargo volume in 2010. The U.S. Gulf of Mexico coast has 12
of the top 20 busiest ports in the United States according to the American Association of
Port Authorities (AAPA) (Table 1).
Table 1
U.S. Port Rankings by Cargo Tonnage in 2010

Rank

Port/State

Tons

1

Port of South Louisiana, LaPlace LA

236,262,069

2

Houston, TX

227,133,231

3

New York, NY and NJ

139,198,215

4

Beaumont, TX

76,958,592

5

Long Beach, CA

75,434,788

6

Corpus Christi, TX

73,663,432

7

Now Orleans, LA

72,410,730

8

Hampton Roads, VA

62,408,600

9

Los Angeles, CA

62,386,603

10

Huntington-Tristate

61,521,942

11

Texas City, TC

56,590,856
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Table 1 (continued)

Rank

Port/State

Tons

12

Plaquemines, LA

55,836,687

13

Mobile, AL

55,713,273

14

Baton Rouge, LA

55,536,987

15

Lake Charles, LA

54,614,895

16

Baltimore, MD

39,629,187

17

Pascagoula, MS

37,275,809

18

Duluth-Superior, MN and WI

36,598,247

19

Savannah, GA

34,681,656

20

Tampa, FL

34,202,079

Source: American Association of Port Authorities (AAPA 2012)

The marshlands along the Louisiana and Texas coasts provide breeding grounds
and nurseries for ocean life that drive the fishing and shrimping industries (Adams,
Emilio, and Cato 2004) The total value of processed fishery products in the Gulf region
was $1.51 billion in 2001, which was a 50% increase from 10 years earlier (YanezArancibiaa and Day 2004) (Figure 2).
The Gulf harvested 35.1 million pounds of oysters valued at $126.9 million,
which was 63% of the national total. The Gulf region shrimp landings were the largest in
the nation with 176.6 million pounds, which represents 76% of the national total. U.S.
hard blue crab landings were 136.7 million pounds valued at $123.2 million, of which
Louisiana landed 32% (Pritchard 2007). The Gulf of Mexico yields more finfish, shrimp,
and shellfish annually than the south and mid-Atlantic, Chesapeake, and New England
areas combined (EPA 2011).
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Figure 2. Commercial Fishery Value at Major U.S. Ports in 2007 (Pritchard 2007).
There is a wide range of ocean species found and processed in the Gulf region.
These include species produced in shoreline aquaculture systems, such as hard clams and
oysters (Figure 3).
Aquaculture is the fastest growing global food industry. The U.S. aquaculture
industry has grown steadily over the last 25 years, and production stands at 492,351
metric tons live weight according to the NMFS Fisheries Statistics Division (Adams,
Emilio, and Cato 2004).
The Gulf of Mexico produces about 25% of the United States domestic oil and
gas supply with a volume of 1.5 million barrels of oil and 14.5 billion cubic feet of
natural gas annually (Kaiser 2008).The Outer Continental Shelf (OCS) of the Gulf of
Mexico begins three miles from the Louisiana, Alabama, and Mississippi shorelines, and
nine miles from the Texas and Florida shorelines, and extends 200 miles through the
Exclusive Economic Zone (EEZ). The federally regulated OCS, in the Gulf of Mexico, is
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Figure 3. Fisheries and Aquaculture on the U.S. Gulf Coast. Source: ESRI Aquaculture
2012
the most extensively developed and oldest offshore petroleum location in the
world (Kaiser 2008). Since offshore production on the OCS began in 1947, over 40,000
wells, 6,500 producing wells, 4,000 individual structures, and 33,000 miles of pipeline
have been constructed (Figure 4).
The U.S. Gulf coast supports a $20 billion tourist industry (EPA 2011). Tourist
attractions include historic locations, cultural events, beaches, casinos, hotels, restaurants,
resorts, and golf courses from Texas to Florida (Figure 5). This region includes major
cities such as Houston, New Orleans, Mobile, Pascagoula, and Tampa, which hold major
events such as music festivals, the Super Bowl, and Mardi Gras.
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Figure 4. Oil Rigs along the Continental Shelf of the U.S. Gulf Coast. Source: ESRI Oil
Platforms 2012

Figure 5. Tourist Attractions along the U.S. Gulf Coast. Source: ESRI Beaches 2012 and
ESRI Golf Courses 2012
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Tourism is a major economic asset of the U.S. Gulf region. Visitors in coastal
counties spent in excess of $34 billion in 2008 sustaining 400,000 jobs. This spending
sustains close to 400,000 jobs in coastal counties across the five U.S. Gulf coast states
according to the U.S. Travel Association (USTA 2011). Florida has the largest share
tourist dollars with more than $20 billion, followed by Texas with $7.2 billion and
Louisiana with $3.6 billion (Figure 6).

Figure 6. Tourism Dollars (in millions) Earned by State on the U.S. Gulf Coast. Source:
U.S. Travel Association (USTA) 2011
Population Characteristics of the Study Area Region
The U.S. Gulf Coast counties were projected to increase by 144% between 1960 and
2010 (Adams, Emilio, and Cato, 2004). The populations of coastal counties increased by
155% between 1960 and 2010 (Figure 7).
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Figure 7. Population Growth by County on the U.S. Gulf Coast between 1960 and 2010.
Source: U.S. Census Bureau American FactFinder 2012
As a region, the greatest change in population occurred between 1970 and 1980,
when the Gulf Coast population increased by 31% (Table 2). Since 1950, Florida coastal
counties were among nine of the ten highest population growth averages on the U.S Gulf
Coast, ranging between 412 and 1,941% (Table 3).
Table 2
Population Growth by State on the U.S. Gulf Coast between 1960 and 2010

State

1960

1970

1980

1990

2000

2010

Alabama

363,389

376,690

443,536

476,923

540,258

595,257

Florida

2,448,210 3,320,226 4,660,469

6,006,786

7,170,040

8,302,987

Louisiana

1,291,166 1,504,676 1,725,678

1,718,640

1,802,139

1,428,060
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Table 2 (continued)

State

1960

1970

1980

1990

2000

2010

Mississippi

189,050

239,944

300,217

312,368

363,988

370,702

Texas

2,365,665 2,953,661 3,878,849

4,395,001

5,211,014

6,275,613

SUM

6,657,480 8,395,197 11,008,749 12,909,718 15,087,439 16,972,619

Pop Change

-

26%

31%

17%

17%

12%

Source: U.S. Census Bureau American FactFinder 2012

Table 3
Top 10 Population Growth by County on the U.S. Gulf Coast between 1960 and 2010

County

State

Collier

Florida

1960
to
1970
141%

Charlotte

Florida

119%

112%

90%

28%

13%

1170%

Lee

Florida

93%

95%

63%

32%

40%

1035%

Hernando

Florida

52%

162%

127%

29%

32%

1442%

Citrus

Florida

107%

185%

71%

26%

20%

1424%

Pasco

Florida

106%

155%

45%

23%

35%

1163%

Sarasota

Florida

57%

68%

37%

17%

16%

393%

Manatee

Florida

40%

53%

43%

25%

22%

367%

St. Tammany

Louisiana

65%

74%

30%

32%

22%

505%

Santa Rosa

Florida

28%

48%

46%

44%

29%

412%

Source: U.S. Census Bureau American FactFinder 2012

1970 to
1980

1980 to
1990

1990 to
2000

2000 to
2010

1960 to
2010

126%

77%

65%

28%

1941%
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Physiological Characteristics of the Study Location
The Mississippi Gulf Coast largest cities include Waveland, Bay St. Louis, Pass
Christian, Gulfport, Biloxi, Ocean Springs, Gautier, and Pascagoula. The Mississippi
Gulf Coast consists of three counties including Hancock, Harrison, and Jackson and holds
the highest percentage of the state’s population.
Physical characteristics of the state include a humid subtropical climate with an
average annual temperature of 62 degrees and an average annual precipitation of around
52 inches. Deposits of petroleum, natural gas, gravel, sand, lignite, limestone, and clay
can be found in the state’s loamy soils. Natural water resources include the Mississippi
River and nine other major river systems. Flora consists of oak, hickory, cypress, and
pine forests, grasslands, and salt grass marshes. The animal life includes deer, squirrels,
rabbits, foxes, game birds, freshwater fish, and saltwater yields such as shrimp, crabs, and
oysters (McCaughan 1998).
The highest point in the three coastal counties is 271 feet above sea level found in
north central Harrison County. The lowest point in the three coastal counties is 13 feet
below sea level found in southern Jackson County.
The barrier islands of Mississippi are relatively distant from the mainland. This
combined with the state’s poorer economy has allowed the barrier islands to stay
relatively pristine. Without major development of causeways and tourist resorts, these
islands have remained mostly natural as well as protected by inclusion into the National
Park System (Williams 2004).
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Due to limited access and high erosion rates, barrier islands in Mississippi and
Louisiana have the lowest population density in the U.S. with less than five people per
square mile (Zhang and Leatherman 2011).
Mississippi’s coastal lands are bordered on the west by the open marshlands of
the lower Pearl River. The Pearl River flows over 400 miles to the Gulf of Mexico
making it the longest river entirely within the state of Mississippi. The lower reaches of
the Pearl River encompasses some of the largest and most inaccessible wild lands
remaining in Mississippi and Louisiana. On the eastern Mississippi border, the
Pascagoula River is a major river, and its drainage basin is the second largest in the state.
The Pascagoula River is relatively short, flowing 81 miles from its source at the
confluence of the Leaf and Chickasawhay Rivers to the Gulf of Mexico. The Pascagoula
River system is among the last free-flowing, undeveloped major river systems in the
continental United States (Figure 8) (Williams 2004).

Figure 8. Physiography of the Mississippi Coast. Sources: ESRI US Counties 2012 and
MARIS MS_DEM 2012
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Economic Characteristics of the Study Location
The Mississippi River supports a diverse economy in the region including
aquaculture, shipping, utilities, tourism, and manufacturing (Dubiel and Warwick 2009).
The Mississippi River Delta is the gateway to the nation’s lifeline for moving goods and
materials to and from the heart of the United States and around the world (USGS, Water
Resources of Mississippi 2012).
The Mississippi Gulf Coast encompasses 62 miles of shoreline, including the
world's longest (26 miles) human constructed beach. Attractions on the coast include
water sports, boat trips, camping, golf courses, museums, restaurants, and casino resorts
(Figure 9).

Figure 9. Tourist Attractions on the Mississippi Gulf Coast. Sources: ESRI US Counties
2012 and MARIS County.exe 2012
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Population Characteristics of the Study Location
The Gulfport-Biloxi Metropolitan Statistical Area (MSA) extends across the
Mississippi Gulf Coast covering the counties of Hancock, Harrison, and Stone (Figures
10 and 11).

Figure 10. 2000 Population on the Mississippi Coast. Source: MARIS Blocks2k.exe 2012

When Hurricane Camille made landfall in 1969, the Mississippi Gulf Coast
population was 189,050, just under half the 2000 population of 370,702 Between Camille
and Katrina, population across the Mississippi coast experienced growth at a rate of 92%
(Table 4).
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Figure 11. 2010 Population on the Mississippi Coast. Source: MARIS
Blocks10PopnHou.zip 2012
Table 4
Population Growth by County on the Mississippi Coast 1960 to 2010

NAME

STATE

1960

1970

1980

1990

2000

2010

Hancock

Mississippi

14,039

17,387

24,537

31,760

42,967

43,929

Harrison

Mississippi

119,489

134,582

157,665

165,365

189,601

187,105

Jackson

Mississippi

55,522

87,975

118,015

115,243

131,420

139,668

189,050

239,944

300,217

312,368

363,988

370,702

TOTALS

Source: U.S. Census Bureau American FactFinder 2012
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Prior to Hurricane Katrina, coastal Mississippi had experienced steady to
moderate population growth on par with published, credible estimates (Mackun 2005).
As a direct result of Hurricane Katrina, the average annual rate of population growth was
significantly higher for decades between 1960 and 2000 than between 2000 and 2010.
The highest population growth was between 1960 and 1970 with a rate of 32%. The
lowest rate of population growth was between 2000 and 2010 with 2% (Figure 12).

Figure 12. Population Growth by County on the Mississippi Coast 1960 to 2010. Source:
U.S. Census Bureau American FactFinder 2012
Hurricanes and the US Gulf Coast
Tropical cyclones affect life, tourism, transportation, property, military
operations, oil production, and coastal ecosystems. These storms devastate coastlines and
cause massive inland flooding (Lyons 2004).
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Over the last 61 years, 98 hurricanes made landfall in the continental United
States. Fifty-eight percent of these events were along the U.S. Gulf Coast. Between 1950
and 2011, 57 hurricanes of varying strength, size, and annual frequency, made landfall in
the regon (Figure 13) (Lott and Ross 2012).

Figure 13. Land-Falling Hurricanes on the U.S. Gulf Coast 1950 to 2011. Source:
NOAA, NHC Data Archive 2011

Accounting for multi-landfall hurricanes only in the Gulf of Mexico, the most
frequently hit state along the U.S. Gulf Coast is Florida with 18 storms over the past 61
years. Following Florida is Louisiana (17), Texas (17), Mississippi (6), and Alabama (3).
In terms of hurricane strength, Hurricane Camille in 1969 is the only category 5 hurricane
to make landfall along the Gulf Coast in Louisiana and Pass Christian, Mississippi.
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Alabama and Mississippi are the only two states without landfall by a Category 4
hurricane. Hurricane Katrina was a category 3 hurricane at the time of landfall. Category
1 through 3 hurricanes have a relatively even distribution throughout the U.S. Gulf Coast
(Table 5).
Table 5
Frequency of Hurricane Strength in U.S. Gulf Coast States 1950 to 2011

STATE

TOTAL

Category 1 Category 2 Category 3 Category 4 Category 5

Alabama

3

2

0

1

0

0

Florida

18

5

6

5

2

0

Louisiana

17

7

3

5

1

1

Mississippi

6

1

1

3

0

1

Texas

17

8

2

6

1

0

Source: NOAA, NHC Data Archive 2011

2005 Hurricane Season
The North Atlantic hurricane season runs from June 1 to November 30. The
Atlantic basin includes the Atlantic Ocean, Caribbean Sea, and Gulf of Mexico (NOAA,
Tropical Cyclone Climatology 2011) (Figure 14).
The peak of the North Atlantic hurricane season is from mid-August to late
October (Figure 15). Historically, during mid-September is when most tropical cyclones
have formed (NOAA, Tropical Cyclone Climatology 2011). Following this trend are the
57 hurricanes to make landfall along the U.S. Gulf coast in the past 61 years. These
storms mostly occurred from mid-August to late October.
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Figure 14. The North Atlantic Basin. Source: ESRI Oceans 2012

Figure 15. Peak of the North Atlantic Hurricane Season. (NOAA, Peak of Season 2012).
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The 2005 North Atlantic Hurricane season was remarkable for its record-breaking
length, number of storms, and hurricane magnitudes, which included three of the six
largest and most powerful tropical cyclones ever recorded in the Atlantic Basin:
Hurricanes Wilma, Rita, and Katrina respectively, (Figure 16) (NCDC 2005).

Figure 16. 2005 North Atlantic Hurricane Season (NOAA, 2005 Atlantic Hurricane
Season 2012).
Numerous annual and monthly records were broken including the most named
storms (28), which broke the 1933 record (21), the most hurricanes (15) eclipsing the
1969 record (12). The 2005 season also had the most Category 5 hurricanes with four, the
most damage ever recorded in a hurricane season at $150 billion, and the latest end to a
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North Atlantic hurricane season on January 6, beating the previous record of January 5 in
1954 (Weather Underground 2005).
Hurricane Katrina
Hurricane Katrina was among the worst natural disasters in U.S. history in terms
of geographical coverage, structural damage, and fatalities (NCDC 2005). Katrina made
the first of two landfalls on the morning of August 29 in Buras, LA, with a central
pressure of 923 millibars, the fourth lowest on record for a land falling tropical cyclone in
the United States (Grauman et al. 2005). The size of the hurricane resulted in record
storm surge and a wide swath of damage extending over 150 miles inland in southeast
Louisiana, Mississippi, and Alabama (Eamon, Fitzpatrick, and Truax 2007).
With a second landfall in Waveland, Mississippi, Katrina destroyed 68,000 homes
and left another 65,000 with major damage (van de Lindt et al. 2007). In Waveland, 80%
of all dwellings were declared uninhabitable (Hansen et al. 2007). The Hancock County
Emergency Operations Center and the Federal Emergency Management Agency (FEMA)
estimated that storm surge during Katrina reached 27 to 30 feet above sea level. Recordbreaking storm surge along the Mississippi Gulf Coast produced debris fields and high
water marks that extended 6 to 12 miles inland in some areas, especially around bays and
rivers (Grauman et al. 2005).
Storm surge on the Mississippi Coast associated with Katrina’s landfall destroyed
the majority of the coastal towns, including Bay St. Louis, Long Beach, Gulfport, Pass
Christian, and Waveland, surpassing even that of category 5 Hurricane Camille, which
made landfall in the same area in 1969 (Cutter and Emrich 2006; Fritz et al. 2007).
Compared to Hurricane Camille, Katrina’s winds were not as high at landfall, but it was a
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much larger storm and moved inland at a slower rate on a northerly path (Irish, Resio and
Ratcliff 2008). This increased storm surge heights, inundation limits, and the duration of
wind and rain exposure (Eamon, Fitzpatrick, and Truax 2007).
Hurricane Katrina was the most destructive Atlantic tropical cyclone in U.S.
history to date in terms of its economic impacts. Insured losses from the storm were
estimated at $60 billion, compared to Hurricane Andrew, which caused approximately
$21 billion in damage in 1992 ($29.1 billion in 2005) in southern Florida (Grauman et al.
2005).
Katrina was responsible for 1,833 deaths based on September 2005 reports by
state and local officials in five states: 1,577 fatalities in Louisiana, 238 in Mississippi, 14
in Florida, 2 in Georgia, and 2 in Alabama (Knabb, Rhome, and Brown 2005). The
estimated 118 million cubic yards of debris fields caused by Hurricane Katrina was
greater than the total debris from the 9/11 attacks in 2001 and Hurricane Andrew in 1992
combined (Evans-Cowley and Zimmerman Gough 2007).
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Research Questions
1. The severity of physical effects from Hurricane Katrina coupled with industry
and occupational characteristics have a statistically significant relationship at or below
the 0.05 confidence level to post-storm unemployment rates in the Mississippi study area
at the census block level.
2. The severity of physical effects, industries and/or occupations have a
statistically significant relationship at or below the 0.05 confidence level to immediate
post-storm unemployment rates at the county level for multiple Gulf Coast tropical
cyclones.
3. There is a statistically significant difference at or below the 0.05 confidence
level in unemployment rates just before and after a tropical cyclone compared to one year
after the event within the study region.
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CHAPTER II
REVIEW OF RELATED LITERATURE
Hazard and Risk
A hazard, in its basic definition, is a threat to populations and the things they
value (Cutter 1993). Hazards are threats that have the potential to harm people, the things
they value, and places. Risk is the probability of a hazard occurring. Disasters are largescale events, which overpower a location's ability to respond to and recover from a
disaster event (NRC 2006). Blaikie, Davis, and Wisner (1994) define risk as a geographic
location’s physical susceptibility to hazards combined with socioeconomic factors. In
areas of deep impoverishment, risk and vulnerability is exponentially higher (Cutter,
Boruff, and Shirley 2003). The lack of resources and increased devastation in more
vulnerable areas leads to an overall strain on systems in place to respond to the event as a
whole (Sadowski and Sutter 2008; Watts and Bohle 1993).
Disasters and hazard susceptibility are increasing statistically due to population
growth and climate change. Tropical cyclones and climate extremes, such as recordbreaking heat for consecutive years, are on the increase and the sea level is rising (IPCC
2011, Luers 2005). This means that more and more coastal populations are at risk of
flooding, storm surge, and oceanic inundation (McLaughlin and Dietz 2008). Hazards can
be designated into two primary classifications: sudden hazards and chronic hazards.
Sudden events such as flooding or hurricanes, last for a relatively short period and
chronic hazards have a slow onset such as drought or sea level rise (Cutter 1996). The
difference between sudden and chronic hazards is important in terms of awareness and
public policy.
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Research and Analysis
The focus of hazards research over the past decade has shifted greatly. Questions
have primarily focused around three essential themes. (1) How many people live in
hazardous areas of the world?( 2) How do people respond to disasters and hazards? (3)
How can specific hazards be mitigated against? (Cutter 1996) These fundamental
questions form the foundation of many subfields and research efforts.
Through the 1980s research primarily focused on specific events, regions, and
locations (Alexander 1991). Since the early 1900s, geographers have been concerned
with natural hazards, with early research focusing on understanding physical processes. It
was not until the publication of Gilbert White’s dissertation, Human Adjustment to
Floods (White 1945), that significant changes in natural hazards research began (Cross
2000). White argued that overconfidence in human-made structures such as dams and
floodways increased the damages from floods rather than decreasing them. His belief was
that engineering standards, were at times, inappropriate, and encouraged overconfidence.
This false sense of security ultimately results in worse disasters if a flood breaches
human-made structures such as levees and dams (White et al. 1958). An applicable
example of the impacts of overconfidence in structural mechanisms was seen with
Hurricane Katrina's impact on New Orleans in August 2005, the Great Mississippi and
Missouri Rivers Flood of 1993, the Mississippi River floods in April and May 2011, and
The Great Mississippi Flood of 1927. White’s work contributed to the idea that the
human element needed to be injected into the field of hazards. His teachings began the
tradition of applying geographic knowledge, techniques, and skills to the complex issues
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within natural hazards and disasters, rather than simply labeling them an act of God (Platt
1986).
Following the Great New England Hurricane of 1938, researchers began to
explore hazards. In the 1940s, researchers and policy makers began to investigate
populations within hazard zones. This paradigm shift was thanks to the teachings of
Gilbert F. White. This was the first time a human-environmental approach was used in
the interest of mitigating against loss of life and property (White and Haas 1975).
For over 30 years, the field of hazards mainly focused on the natural and physical
aspect of hazard probability side of disasters rather than the human element. It was not
until a political ecology focus was put into the discussion that researchers and
government agencies began to consider the vulnerability of populations (Cutter 2001).
Currently, most hazard research on hurricanes focuses on damage assessment
with the greatest attention on loss estimation and modeling. Assessments mostly focus on
exposure to people and property, potential for loss, injury, harm, and impacts on
livelihoods. The goal is to identify the risk factors and driving forces, which shape risk in
a specific location (Hill and Cutter 2001; Birkmann 2006). There are numerous
established methods to analyze hazards and measure risk including estimation models
within the financial sector, but with many being proprietary, public and governmental
agencies do not have access to them to assist localities and emergency management
(Kunreuther and Roth 1998; Grossi and Kunreuther 2005).
NOAA’s Coastal Services Center also has case studies on risk and vulnerability
assessment techniques and applications, which focus on exposure to hazards. The
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integration of multiple elements in risk assessment is often lacking due to difficulties of
working across disciplinary or political boundaries (Flax, Jackson, and Stein 2002).
Public Policy
It is through the collaboration between policy makers, social scientists, emergency
management, and other disciplines that a comprehensive model or research can advance
the field of hazards (Adger 2006). National policy has an instrumental role in hazard
education, control, and prevention however, the role of government in hazard mitigation
has been slow to develop (Burton, Kates, and White 1993).
Policy makers can see the onset of a flood or hurricane with modern technologies
and in turn attempt to respond by reducing the impact on people and places. Chronic
events such as drought and sea level rise are difficult to mitigate as well as form policy
for since they are difficult to forecast and because their mitigation can be hindered by
political hurdles (Ewing, Kruse, and Sutter 2007). Climate change and sea level rise are a
prime example of chronic events, which are most difficult to predict and mitigate. For
instance, recently lawmakers in the state of North Carolina decided not to include sea
level rise estimates in their coastal planning strategies due to ongoing debate as to the
existence and credibility of global warming (Rawlins 2012). On the other side of this
debate lie locations such as Tuvalu in the South Pacific, a nation quickly being
swallowed by the sea (Farbotko 2005).
In the U.S., policy intervention began in 1874 with the Mississippi River
Commission after a major flood with the role of establishing navigational routes for river
traffic. The Miami River floods led to the Miami Conservancy District, which provided
flood protection by constructing reservoirs. In the 1930s, during the Great Dust Bowl,
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more governmental programs were instituted to protect farmers against drought
conditions.
In 1979, Congress and President Carter through a combination of legislation and
an executive order established the Federal Emergency Management Agency (FEMA) and
the Emergency Management Council. In theory, the creation of FEMA consolidated the
disaster preparedness responsibilities performed by various federal agencies into one
agency, thereby alleviating the fragmentation and communications difficulties identified
in the 1970s (Mener 2007). Following the September 11, 2001 attacks, Congress passed
the Homeland Security Act of 2002, which created the Department of Homeland Security
(DHS). As a result, FEMA became part of the Emergency Preparedness and Response
Directorate of Department of Homeland Security and lost its seat on the Cabinet
(McEntire 2007).
Vulnerability
When something is vulnerable, it simply means that it is susceptible to harm. To
determine how vulnerable something is, one must consider many variables. In the case of
tropical cyclones, main factors include the frequency and severity of events, the
topography of the land, socio-economic conditions, possible composite hazards such as
landslides and forest cover loss, as well as the quality and quantity of human-made
structures (Polsky, Neff, and Yarnal 2007; Jacob, et al. 2012; Adger 2006). Combinations
of these factors reveal the overall vulnerability of a chosen location.
Vulnerability in itself has five dimensions: social, cultural, political, economic,
and environmental. Social vulnerability is a combination of social and economic
variables that contribute to a population’s overall ability to prepare for, respond to, and

30
absorb disaster events (Burton, Kates, and White 1993; Cutter and Emrich 2006). Many
factors can enhance and lessen vulnerability of households. Some of the factors listed as
being catalysts to heightened vulnerability are income level, family structure, education
level, accessibility to emergency preparatory resources, number of children residing the
home, and head of household gender (Cochran, Reese, and Liu 2009; Cochran 2009;
Cutter, Mitchell, and Scott 2000; Morrow 1999; Watts and Bohle 1993).
There are many frameworks used to examine the vulnerability of people to
meteorological and seismic events that help to characterize those in most need during an
event (Luers et al. 2003). Although the definition of vulnerability varies in published
literature it is generally considered a system's ability to adapt to natural or human
disturbances. Vulnerability is measured in different ways, including socioeconomic,
physical, technological, and ecological (Adger 2006).
One of the main difficulties in assessing vulnerability is the human element.
Measures of vulnerability are often questioned due to the difficulty of quantifying human
factors (Adger 2006). There are many challenges in terms of analyzing and measuring
vulnerability. In some aspects, vulnerability is considered a simple measure of the poorest
populations. However, when mapping vulnerability you have to take into consideration
both physical and human factors. Therefore, there are several aspects within overall
vulnerability (Wisner and Luce 1993). Vulnerability is a complex term that does not only
mean how much you have, but it also how much you stand to lose. It is an ever-changing
and intensifying term with varying definitions in different fields of study (Hilhorst,
Bankoff, and Frerks 2003). Social and natural sciences need to come together to
accurately describe, explain and understand vulnerability. There is a strong need for an
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interdisciplinary approach to vulnerability for more robust understanding of the concept
(Oliver-Smith 2003). Physical vulnerability is described as the risk to buildings and
infrastructure. Economic vulnerability is defined as the risk to economic assets, income,
industry production, and area businesses. Social vulnerability is defined as the risk to
livelihoods, incomes, community, and people. When all of these aspects are combined, a
single assessment for overall vulnerability can emerge (Davis 2003).
Economic standing is the most influential factor in social vulnerability and
resilience (Morrow 1999). Statistically, single mother households have the highest
vulnerability rate (Cutter, Boruff, and Shirley 2003). Hurricane Katrina is a prime
example of how the poor and disenfranchised are at the highest risk level. It was clear
within the media that highest water levels in New Orleans were found in areas of greatest
poverty and social disenfranchisement (Cutter and Emrich 2006).
Research and Analysis
In the past decade, there have been several indices and models related to
vulnerability. Among them are the Environmental Vulnerability Index (EVI),
Environmental Sustainability Index (ESI), Human Development Index (HDI), Human
Well-being Index (HWI), and the Predictive Indicators of Vulnerability Index (PIV).
Many of these models and indices are not at a close enough scale for accurate analysis of
vulnerability at the local level.
The Environmental Vulnerability Index (EVI) was developed by the South Pacific
Applied Geosciences Commission (SOPAC) and analyzes environmental change
vulnerability (Skondras et al. 2011). The scale of analysis is at the country level with the
emphasis on Small Island Developing States (SIDS). The EVI uses 50 indicators grouped
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into three sub-indices (hazards, resistance, damage) and then applies these to the
following policy relevant issues or threats: climate change, biodiversity, water,
agriculture and fisheries, human health, desertification, and exposure to natural disasters.
The EVI does not take into account human systems therefore; it is not a true measure of
vulnerability to populations (Kaly and Mitchell 2004).
The Environmental Sustainability Index (ESI) ranks 146 countries based on 21
elements of environmental sustainability based on five factors: environmental systems,
environmental stresses, human vulnerability to environmental stresses, social and
institutional capacity, and global stewardship (Esty et al. 2005). The index uses 76
variables divided into 21 sub-indices creating an overall sustainability score by using the
mean of all sub-indices. Country rankings provide useful information on the relative level
of sustainability and policy information to assist in meeting sustainability goals.
The Human Development Index (HDI) examines the quality of life for 177
countries and was designed by the United Nations Development Programme (UNDP).
The HDI is based on health, education, and income in terms of human development.
These factors reflect life expectancy, adult literacy rate, educational attainment, and per
capita GDP. The HDI assesses the well-being of nations; it is the premier method for
assessing the human condition at the country level. Modeled after the HDI, the American
Human Development Index (AHDI) measures the well-being among US states. The
AHDI is the first closer scale version of the HDI (Burd-Sharps, Lewis, and Martins
2008).
The Human Well-being Index (HWI) developed by Prescott-Allen (2001) is an
alternative to the HDI. Unlike the HDI, the HWI extends its analysis to include
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demographic data but also includes measures of community and social equity. The HWI
uses 33 variables to derive five indicators of health and population, wealth, community,
equity, and knowledge for 180 countries.
The Predictive Indicators of Vulnerability Index (PIV) (Adger et al. 2004) focuses
on climate change biophysical and social vulnerability (Adger et al. 2004). The PIV
reduces to a final set of eleven indicators based on correlations to decadal hazard
mortality (Adger et al. 2004).
The Social Vulnerability Index (SoVI) is a valuable tool for policy makers and
emergency planners. It geographically illustrates differences and levels of social
vulnerability by county in the U.S. (Figure 17). It demonstrates statistically strengths and
weaknesses in preparedness and where resources might be used most effectively to
reduce the pre-existing vulnerability. The data are compiled and processed by the
Hazards and Vulnerability Research Institute (HVRI) at the University of South Carolina
and is chaired by director Susan Cutter.

Figure 17. 1990 SoVI for Contiguous 48 U.S. States (Cutter, Boruff, and Shirley 2003).
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In the original SoVI model, socioeconomic data were collected from the 1990
U.S. Census for all 3,141 U.S. counties. Originally, more than 250 variables were
collected, but after testing for multicollinearity by way of multiple regression, a subset of
85 computed variables was derived. After the data reduction, the data was normalized to
percentages, based on per capita and/or density. Forty-two independent variables were
used in the statistical analyses. Eleven factors were produced, from the 42 independent
variables, which explained 76.4% of the variance between all counties. The primary
statistical procedure used to reduce the data was factor analysis, specifically principal
components analysis. This reductionist technique yields a consistent set of variables that
can be observed over time to assess any changes in vulnerability (Cutter, Boruff, and
Shirley 2003).
The final 11 factors were placed in an additive model to compute a summary
score, which forms the Social Vulnerability Index (SoVI). These factors form the
foundation of the overall score for each county (Cutter, Boruff, and Shirley 2003).
SoVI 2006-10 (Figure 18) marks a change in the formulation of the SoVI metric
from earlier versions. New directions in the theory and practice of vulnerability science
emphasize the constraints of family structure, language barriers, vehicle availability,
medical disabilities, and healthcare access in the preparation for and response to disasters,
thus necessitating the inclusion of such factors in SoVI. Extensive testing of earlier of
earlier SoVI models, in addition to the introduction of the U.S. Census Bureau’s five-year
American Community Survey (ACS), which makes the SoVI more dynamic and useful
compared to the original model (CARRI 2012).
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Figure 18. 2010 SoVI for Contiguous 48 U.S. States (CARRI 2012).
The Hazards and Vulnerability Research Institute (HVRI), using the SoVI 200610 model, produced a map of the most socially vulnerable areas in the path of Hurricane
Isaac (Figure 19). This is an example of how this powerful tool identifies locations in
most need of resources and assistance on an individual event basis.
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Figure 19. SoVI for Hurricane Isaac August 2012 (HVRI Social Vulnerability 2012).
Resilience
The definition of resilience is a community’s ability to rebound from a disaster
event (Cutter, Boruff, and Shirley 2003). Blaikie et al 1994 characterize vulnerability as a
function of economic and political power with marginalized groups being the most
vulnerable. Hazards research generally regards resilience and vulnerability inversely
related. Some communities recover faster than others and the catalysts behind the
movements are largely incalculable due to their human nature (Colten, Kates and Laska
2008; Dass-Brailsford 2008; Sadowski and Sutter 2008). Resilience indicators include
ecological, social, economic, institutional, infrastructural and community competence
according to the Disaster Resilience of Place (DROP) model (CARRI 2008). The ability
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to assign values to the most vulnerable areas in the event of disaster allows disaster
management to make better decisions in terms of assistance and mitigation as well as
assignment of special groups for specific damage responses (Cutter, Boruff, and Shirley
2003).
The destruction of essential resources such as businesses, homes and employment
affects community resilience (Becker 2009; Boettke et al. 2007; Ewing, Kruse, and Sutter
2007; Pompe and Rinehart 2008). The loss of property tax base, businesses, and
infrastructure have devastating effects on an affected location’s recovery rate and should
be considered when designing a model to measure vulnerability and resilience (Cutter,
Boruff, and Shirley 2003; Evans-Cowley and Zimmerman Gough 2007). Essentially, a
location with more to lose, in terms of businesses, tax base, and infrastructure, takes
longer to recover to pre-event economic levels. Therefore, it is important to take into
consideration as many economic variables as possible to construct an accurate model or
index to predict economic vulnerability (Fisher and Weber 2004).
There are many composite effects of a disaster. For instance, one bridge may
seem isolated until you consider the composite effects due to the loss of the bridge. For
example, the ramifications of losing the U.S. Route 90 Bay Bridge, which connects Bay
St. Louis to Gulfport, were far reaching (Robertson et al. 2007). The loss of one bridge
can lead to economic loss in terms of unemployment, transportation problems, higher
vulnerability because of severed supply routes, and environmental effects due to the
damage of ecosystems surrounding the bridge (Cassity 2009). This is an example of why
it is important to consider many aspects of disaster damage both in the human and
scientific realms. One effect can cascade into others and that is the reason this project
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measures environmental, infrastructural, economic effects, and vulnerability in order to
formulate a picture of overall resilience (Gallopin 2006, Uitto 1998). Metrics for
measuring economic resilience to hazard events have typically used loss estimation
models to measure the post-event property loss and effects of business disruption on a
community or region (Chang and Masanobu 2004; Rose 2004).
After the record-breaking hurricane season of 2005, in terms of natural landscape
resilience, there was an increase in the already active efforts for coastal restoration and
planning. These efforts have involved biologists, hydrologists, geologists, engineers,
planners, and the public (U.S. Department of the Interior 2006). It is not only necessary
to focus on coastal restoration to increase environmental resilience; there must be
attention paid to hurricane protection, flood control, hydrological management, and most
importantly, human development and settlement. In short, if we protect the natural
systems that reduce the effects of hurricanes, these systems will protect the surrounding
areas, as well therefore increasing overall resilience. Bringing together these interests
requires efforts beyond the interests of any single group (Morton et al. 2005).
Research and Analysis
Resilience is a relatively new concept in hazard research. The majority of
resilience literature, from the perspective of hazards, falls within the area of disaster and
emergency planning. United States federal, state, and local governments and agencies are
coming to understand that planning can be a powerful tool for building resilience and
reducing losses from natural disasters (Burby et al. 2000). The main themes, which
influence resilience, include physical, social, political, economic, institutional, and
ecological factors. Efforts to develop resilience indicators have only begun to become the
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focus of research in the last decade (Birkmann 2006; Cutter, Boruff, and Shirley. 2003;
King and MacGregor 2000). Still, there are relatively few methods or models for
assessing resilience.
The need to balance environmental and development issues while promoting safe
and livable places is the key to local success in fostering resilience. This is a sharp
contrast from plans of the past on behalf of governments and local agencies to develop
business centers and residential areas within the most hazardous locations for profit and
increases tax base (Collins 2011).
Hurricane Katrina offers a unique opportunity to study community resilience.
There are a great deal of publications and data on Hurricane Katrina, which can assist
researchers from many academic fields and business interests. The necessity of residents
and business owners to return to a pre-storm routine and way of life following a disaster
is not finite. There is a relatively small window of opportunity before residents and
business owners vacate a devastated area rather than start over (Berke and Campanella
2006; Birkland 1997).
There is some agreement within the literature concerning factors that cause hazard
vulnerability as well as elements that increase or decrease community resilience to
disasters. There is however, less consensuses in terms of how to measure the factors of
resilience. Combinations of multiple indicators construct composite indices, which have
the goal of distilling the complexity of resilience to a single metric (Kendra and
Wachtendorf 2003). The dilemma is that most indicators are generalizations and do not
totally represent the entire variance of vulnerability or resilience (Birkmann 2006; de
León and Carlos 2006).
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Indices for measuring economic resilience to hazards maintain a dissimilar
method from that of measuring social resilience. Economic resilience models customarily
use loss estimation models to measure property loss and business disruption in an event’s
aftermath (Chang and Masanobu 2004; Rose 2004). Personal property losses such as
homes and material possessions are characteristically viewed as short-term elements of
disaster, as opposed to business interruptions contributing to a longer period of recovery.
Researchers often highlight difficulties in gathering data to enter into these loss
estimation models due to proprietary data and privacy laws (Rose 2004, 2007).
In engineering, a recent effort to quantify community resilience uses four
dimensions: technical, organization, social, and economic (TOSE) (Bruneau et al. 2003).
Most of the scientific literature points to the strength and robustness of natural systems as
the main catalyst and strongest proponent for social resilience by reducing the impacts of
hazards. A prime example of this is the wetlands surrounding the City of New Orleans
protected areas in St. Tammany Parrish better than the human-built levees (Costanza et
al. 2008). Many argue that the need to balance environmental and development issues
while promoting safe and sustainable communities and improvement in construction
practices, building codes, and mitigation of homes is the key to increasing resilience
(Burby et al. 2000).
The Prevalent Vulnerability Index (PVI) is a social vulnerability index focusing
on social, economic, institutional, and infrastructural capacity to recover from natural
hazards (Cardona 2005). The PVI utilizes 24 indicators including poverty rates and the
amount of insured infrastructure. Indicators are aggregated into three sub-indices with
varying weights, the sum of weights generates the final index score (Gall 2007).
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There are four components within the Community and Regional Resilience
Institute (CARRI) resilience assessment: (1) social vulnerability (SoVI), (2) built
environment, (3) hazard exposure, and (4) hazard mitigation are represented within a GIS
as individual layers (Cutter, Mitchell, and Scott 2000). The variables used by CARRI
include emergency response plans, building standards and zoning, hazard mitigation, land
use and management, uniformity and communication between local and state
governmental agencies, disaster recovery plans, flood insurance participation,
development restrictions, sand dune management, infrastructure quality and maintenance,
communication of hazards and risk to the public, and technological capabilities (CARRI
2012).
Combinations of all layers represent the intersection of values for social, built,
and natural systems and clearly identify areas that are high on each of them. Within the
GIS, mitigation values are subtracted from the total vulnerability scores since they lessen
the impact of disasters. The overall result is the total resilience score for a location
(Figure 20).

42

Figure 20. CARRI Model for Community Resilience in GIS (CARRI 2008)
Geospatial Applications in Hazards
Geographers and social scientists require detailed data and information of the
economic and social-cultural landscape in their respective study areas (Liverman et al.
1998; Millington, Walsh and Osborne. 2001; Walsh and Crews-Meyer 2002). GIS and
remote sensing are useful tools in quantifying populations exposed to natural hazards
(Montz and Tobin 2011). Statistical analysis and GIS yields a quantitative visual
interpretation of human-environment interactions as well as an assessment of cultural and
infrastructural resources. These interactions are sensed and analyzed through remote
sensing systems that offer an array of spatial and temporal resolutions. Socialization of
the pixel suggests that remotely sensed data, once transformed into information, should
include a human dimension (Walsh and Crews-Meyer 2001 and 2002).
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The ability to study climate variability, frequency of disasters, impacts on
civilizations, seismic frequency, sea level rise, and land loss to name a few, have
revolutionized the field of hazards. We can see from space the loss of land in Tuvalu,
North Carolina, Bangladesh, the Maldives, and numerous other locations on the planet.
The first hurricane forecast models were developed during the 1950s in response
to the technological advancements of aircraft reconnaissance and the development of
computer technology. The modeling approach has improved significantly since
pioneering studies in the late 1960s and early 1970s. An increase in computer resources
during the 1960s and 1970s has led to advancements in dynamic hurricane models. In
1976, the first dynamic hurricane forecast model that could treat the atmosphere as
multiple vertical layers became operational. In the early 1990s, however, the resolution of
global dynamic models had increased to the point that they could also provide accurate
track forecasts (Vickery et al. 2009).
Improvements and complex models have come about through increased
computing capacity, GIS software, satellite technology, and a massive increase in
quantity and quality of measured data available. Models including the more recently
developed Hurricane Weather Research and Forecasting (HWRF) model, continually
improve, and evolve as resources increase, more observational data becomes available for
assimilation, and our understanding of the physics of hurricanes improves (NOAA,
Technical Summary 2009).
The earliest image of a hurricane from space was Hurricane Esther in 1961 by the
Tiros III satellite (Figure 21). Tiros also captured Hurricanes Anna, Betsy, Carla, and
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Debbie that same year. These images provided important supplements to reconnaissance
aircraft observations and ground-based observations, by fixing the position of the
hurricane center and showing the extent of the spiral cloud bands (Giardino 2011). The
fuzzy and unclear image from the Tiros II satellite pales in comparison to the imagery of
today, however, the ability to see tropical systems from space, changed the way we
forecast, predict, monitor, and prepare for these storms. Progress required developments
in electronics, computing and software throughout the 1980s and into the 1990s. The
applications cover a vast amount of disciplines in Earth observations of the land and sea
(Goetz 2009).

Figure 21. Hurricane Esther, September 20, 1961 - the first image from space by the
Tiros II satellite on. Source: NOAA, Hurricane Esther 2012
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CHAPTER III
RESEARCH QUESTION ONE
Data and Processing
The severity of physical effects from Hurricane Katrina coupled with industry and
occupational characteristics have a statistically significant relationship at or below the
0.05 confidence level to post-storm unemployment claims in the Mississippi study area at
the census block level. To answer this Research Question, census, GIS, and
unemployment data and meteorological information was gathered from multiple sources.
Meteorological data for Hurricane Katrina including wind speeds, rainfall totals,
and storm surge heights were acquired to determine if meteorological factors have a
significant statistical contribution to post-storm unemployment rates within the
Mississippi study area. Wind speed data obtained were in GIS point format (Figure 22),
rainfall totals in jpg format (Figures 23), and storm surge high water marks (HWM) in
GIS point format (Figure 25).

Figure 22. Study Area Wind Speed Point File. Source: NOAA, Katrina Post Storm 2012
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Figure 23. Study Area Rainfall Totals. Source: NOAA, Katrina Rain Fall 2012
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Figure 24. Study Area Storm Surge Inundation Limits and High Water Marks (HWM).
Source: FEMA 2012
Areas heavily dependent on specific types of employment may suffer greater
economic impacts and face a slower recovery from disasters (Cutter, Boruff, and Shirley
2003). The comparisons between unemployment rates and labor force dynamics has the
explicit goal of comparing the relationship between individual occupations and industries
with the unemployment rate and claims after Hurricane Katrina The four census values
included in the category of occupations are professional, service, sales and production.
The four variables included in the category of industries are manufacturing, retail, arts,
and public administration (Table 6).
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Table 6
2000 U.S. Census Variables for Occupations and Industries

OCCUPATIONS
Management, professional, and related occupations
Service occupations
Sales and office occupations
Production, transportation, and material moving occupations

INDUSTRIES
Manufacturing
Retail Trade
Arts, entertainment, recreation, accommodation and food services
Public administration

No processing was required since these data are all from U.S. Census 2000 tables.
A GIS polygon shapefile containing each chosen census attribute for industries and
occupations within each census block by percentage of total labor force was obtained in
final format through the Mississippi Automated Resource Information System (MARIS).
The wind speed GIS point data, supplied by NOAA, was used to construct maximum
sustained wind polygons for the entire study area. The NOAA point file, already in GIS
format, was joined via spatial join command in GIS. This process transferred all
attributes of the point data, including wind speed and location coordinates, to the census
blocks, in which they were completely contained. The final data format was a GIS
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polygon shapefile containing an attribute for wind speed mean within each census block
(Figure 25). A ranking system was assigned to each meteorological element classification
for later processing. Wind Speed classifications are as follows: >100 mph (4); 76 to 99
mph (3); 61 to 75 mph (2); and <60 mph (1).

Figure 25. Study Area Maximum Sustained Wind Speeds by Census Block. Sources:
U.S. Census American FactFinder 2012 and NOAA 2005 Hurricane Season 2012)
To process the rainfall data the first step was obtaining raw jpeg imagery, courtesy of
the U.S. Geological Survey (USGS), of mapped radar and weather station information.
These maps were taken into Arc Info and Georectified to the Mississippi county outline
map. Once rectified, final images were exported in GeoTiff format. The GeoTiff images
were then brought into the original boundary map where polygons were drawn in GIS
over the geo-rectified imagery. A spatial join command in GIS transferred rainfall totals
to the census block layer. The final data format was a GIS polygon shapefile containing

50
an attribute for rainfall mean within each census block Rainfall classifications are as
follows: 8.1 to 15 inches (4); 6.1 to 8 inches (3); 3.1 to 6 inches (2); 1 to 3 inches (1)
(Figure 26).

Figure 26. Study Area Total Rainfall by Census Block. Sources: U.S. Census American
FactFinder 2012 and U.S. Geological Survey 2006
FEMA HWM point data were distilled for accuracy against the FEMA surge
inundation polygons and some data was removed for obvious errors. Once these steps
were completed, the point data were spatially joined to the census block layers in GIS.
This process transferred storm surge height mean, to the census blocks in which they
were completely contained. The final data format was a GIS polygon shapefile containing
an attribute for rainfall mean within each census block (Figure 27). Storm Surge rank
classifications are as follows: 22.1 to 33 feet (4); 18.1 to 22 feet (3); 12.1 to 18 feet (2);
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and 1 to 12 feet (1) Areas with no data or non-coastal locations received a zero
classification.

Figure 27. Study Area Storm Surge by Census Block. Sources: U.S. Census American
FactFinder 2012 and FEMA 2012

Upon completion of processing all meteorological factors, a combined map of all
effects was constructed based on ranks (Figure 28). As expected, Hancock County
received the highest level of all combined elements with Harrison, Pearl River, Jackson,
Stone, and George following respectively.
The Mississippi Department of Employment Security (MDES) provided
unemployment insurance data from Hurricane Katrina. These data were in raw CSV
spreadsheet format and originally requisitioned by the Southeast Region Research
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Initiative Program (SERRI) for the purpose of economic analysis. The SERRI project is
sponsored by the U. S. Department of Homeland Security (DHS) under an Interagency
Agreement with the U. S. Department of Energy (DOE) and being carried out by Dr.

Figure 28. Study Area Total Rank by Census Block. Sources: U.S. Census 2012, NOAA
2005 Hurricane Season 2012, FEMA 2012, and USGS 2006

David Butler and Dr. Edward Sayre of the USM Department of Political Science,
International Development, and International Affairs (Butler and Sayre 2012).
First, the unemployment data was corrected within the spreadsheet. All claims
with irreconcilable addresses, post office boxes, missing zip codes, and locations outside
of the study area were eliminated. Addresses were verified using Google Earth, USPS zip
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codes, and Mississippi Automated Resource Information System (MARIS) GIS zip code
files.
The total amount of remaining claims after geocoding is as follows: George
County- 1,965; Hancock County- 4,187; Harrison County- 30,740; Jackson County19,017; Pearl River County- 3,692; and Stone County- 1,560 for 62,161 total geocoded
addresses within the six county study area. The original number of records was 92,002
that were reduced to 61,482 records at the census block level for a total loss of 31% of
original claimant files.
The next step in processing the data was geocoding using a standard alphanumeric
address locator county-by-county with a 2009 street file courtesy of NAVTEQ in GIS.
The unemployment data was transformed into a GIS point file for the six southernmost
Mississippi counties. The point data was then combined via spatial join in Arc Info to
yield a block-level dataset, which provided detailed information on the point distribution
of individual unemployment claims after Hurricane Katrina (Figure 29).
The final step in processing of unemployment data was the aggregation to census
block level. This step increased the scale and revealed a view into how post-Katrina
unemployment is spatially distributed (Figure 30). The chosen methods of statistical
analysis for these variables are nearest neighbor, Euclidean Distance, Spatial
Autocorrelation, and point pattern analyses within GIS. The results of these tests yielded
information about the spatial distribution of unemployment within each census block by
testing the randomness of individual addresses. This process is to show if the actual
values are random or clustered and the likelihood that unemployment rates in a specific
location are being influenced by another factor besides probability.
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by Address

Figure 29. Geocoded Addresses of Unemployment Recipients September 2005. Source:
SERRI 2012
Hurricane Katrina Unemployment Claims by Census Block

Figure 30. September 2005 Unemployment Claims by Census Block. Source: SERRI
2012
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Results
Using bivariate nonparametric correlation analysis in SPSS software, I compared
all individual selected meteorological factors, occupations, and industries to the poststorm unemployment rates for Hurricane Katrina. The results of these tests gave detailed
information regarding each variable’s relationship to the unemployment rate.
By utilizing unemployment data for the Hurricane Katrina disaster, I was able to
determine effects by county in terms of percentage of the labor force on unemployment
before and after the storm. Statistical analysis of these data determines which
meteorological factors, professions, and industries have the strongest relationships to the
unemployment rate in the wake of disaster, which gives us an economic vulnerability
factor.
Although storm surge and manufacturing occupations almost reach statistical
significance, meteorological and labor force factors, do not have a significant
contribution to post-storm unemployment rates at the census block level in the
Mississippi study area (Figure 31). The reason for no significant influence is due to scale
and significant data loss in the processing stage. At this close scale, outliers become
influential on the entire geographical unit because the sample size is too small. The
sample set was based on address level data from MDES with a total loss of 31% of
original claimant files. This means that the industries and occupations data being
analyzed did not accurately represent the census block it came from. This analysis needs
to be completed at the county scale to determine a higher statistical significance.
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Figure 31, SPSS Output for Correlation Analysis by Census Block. Source: NOAA,
Hurricane Ike 2009
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CHAPTER IV
RESEARCH QUESTION TWO
Data and Processing
The severity of physical effects, industries, and occupations have a statistically
significant relationship at or below the 0.05 confidence level to immediate post-storm
unemployment rates at the county level for multiple Gulf Coast tropical cyclones.
Hurricane Ike was a Cape Verde hurricane that caused extensive damage and
fatalities across portions of the Caribbean and along the coasts of Texas and Louisiana
(Figure 32). Ike caused extensive damage across parts of the northwestern U.S. Gulf
Coast when it made landfall a strong Category 2 storm on September 13, 2008 along the
upper Texas coast. The worst devastation occurred on the Bolivar Peninsula and parts of
Galveston Island (NOAA, Hurricane Ike 2009). I processed all meteorological data for
Hurricane Ike by the same method illustrated in Chapter III for Research Question One,
except at the county level.

Figure 32. Hurricane Ike Satellite Image 9/13/08. Source: NOAA, Hurrican Ike 2009
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Hurricane Charley struck the southwestern Gulf coast of Florida as a Category 4
hurricane on the Saffir-Simpson Hurricane Scale on August 13, 2004 (Figure 33).
Charley was the strongest hurricane to make landfall in the United States since Andrew in
1992 and, despite Charley’s compact size, it caused catastrophic wind damage in
Charlotte County, Florida and serious damage inland over the Florida peninsula. Charley
was directly responsible for 10 deaths in the United States. Total damage was $15.1
billion dollars, which currently makes Charley the sixth costliest hurricane in U.S. history
(behind Katrina 2005, Ike 2008, Andrew 1992, Wilma 2005, and Ivan 2004) (Pasch,
Brown, and Blake 2004). I processed all meteorological data for Hurricane Charley by
the same method illustrated in Chapter III for Research Question One, except at the
county level.

Figure 33. Hurricane Charley Satellite Image 8/13/04. NOAA, Hurrican Charley 2004

Hurricane Ivan was a Cape Verde hurricane, which reached Category 5 strength
three separate times on the Saffir-Simpson Hurricane Scale (Figure 34). Ivan caused
considerable damage and loss of life as it passed through the Caribbean Sea. Hurricane
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Ivan made U.S. landfall on September 15, 2004 just west of Gulf Shores, Alabama, with
the strongest winds occurring over a narrow area near the southern Alabama-western
Florida panhandle border. After Ivan moved across the barrier islands of Alabama, the
hurricane crossed eastern Mobile Bay and weakened into a tropical storm over central
Alabama. Ivan eventually merged with a frontal system and became an extra tropical low
over the Delmarva Peninsula. Ivan was a massive rain and tornado producer, which
caused flash floods and tornado damage across much of the southeastern United States. I
processed all meteorological data for Hurricane Ivan by the same method illustrated in
Chapter III for Research Question One, except at the county level (Stewart 2004).

Figure 34. Hurricane Ivan Satellite Image 9/15/04. Source: NOAA, Hurricane Ivan 2004
A U.S. county border polygon was obtained by ESRI for designating study areas
based on storm paths (Figure 35). Storm path data was supplied by NOAA. The county
shapefile was modified by adding the mean of each meteorological effect, after
extrapolation, and percentage of labor force for chosen industry and occupation census
variables individually by county.
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Figure 35. Hurricane Study Area County Polygons and Storm Tracks. Sources: NOAA
and ESRI

Using monthly unemployment rate data from the United States Bureau of Labor
and Statistics website and map (Figure 36), I constructed a county level spreadsheet in
Excel for statistical analysis in SPSS. Months chosen include one month before the event,
one month after and one year later. Unemployment data used was not seasonally
adjusted. The county shapefile was modified by joining the spreadsheet table with all
percentages within GIS.
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Figure 36. Bureau of Labor and Statistics Map Interface. Source: BLS 2011
Results
Using the correlation analysis in SPSS, I compared all occupation, industry, and
meteorological variables to the post-storm unemployment rates for Hurricanes Katrina,
Ike, Ivan, and Charley at the county level.
Meteorological and labor force factors have a significant contribution to poststorm unemployment rates at the county level on in the Gulf Coast study area. Unlike
hypothesis 1, this analysis was performed at a higher scale so data loss concerns were
removed. This assisted in the determination of these factors’ influence on unemployment.
Results show a significant relationship at or below the 0.05 confidence level
between wind speed, professional, sales, and production occupations, as well as the
manufacturing and retail industries. Wind speed had the highest positive correlation to
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the unemployment rate followed by production industries and manufacturing
occupations. The retail industry had the highest negative correlation followed by
management occupations and the sales industry (Figure 37).

Figure 37. SPSS Output of Linear Correlation Analysis.

63
According to the analysis the positive significance between wind speed and
unemployment rate is the highest with a significance of 0.000. The second highest
correlation was production occupations with a significance of 0.014, followed by
manufacturing industries with a significance of 0.032. These positive correlations show
that as the dependent variable rises, as does the independent. In this case, as the wind
speed or percentage of labor force workers in production occupations and manufacturing
industries rises, as does the unemployment rate.
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CHAPTER V
RESEARCH QUESTION THREE
Data and Processing
To determine if there is a statistically significant difference at or below the 0.05
confidence level in unemployment rates just before and after a tropical cyclone compared
to one year after the event within the study region, I used the same spreadsheet illustrated
in Chapter II. Executing different statistical tests on each individual storm will show
which counties and states rebounded slowly, quickly, or not at all in the wake of a major
hurricane in terms of unemployment rate. No GIS applications were used in this analysis.
Results
I used One-Way ANOVA analysis within SPSS to test for a significant statistical
difference at or below the 0.05 confidence level between unemployment rates one month
before, one month after and a year after within Hurricanes Ivan, Charley, Ike and Katrina
study counties (Figure 41). This analysis offers explanations into the dynamics behind
location resilience in terms of unemployment rates.
The Levene statistic showed no significant statistical relationship in the HOV
between August 2004, October 2004, and August 2005 with a significance of .421. The
ANOVA statistic revealed no significance between groups with a significance of .413
(Figure 38).
These results reveal that Hurricane Ivan had no significant statistical effect on
unemployment rates between all 3 periods. The rates returned to at or below the prestorm levels within one year. This result demonstrates a resilient location in the Hurricane
Ivan landfall zone in terms of employment.
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Figure 38. SPSS Output for ANOVA Analysis by County for Hurricane Ivan.
The Levene statistic showed a slightly significant statistical relationship in the
HOV between August 2008, October 2008, and August 2009 with a significance of .087.
The ANOVA statistic revealed a significant relationship between groups with a
significance of .000 (Figure 40). These results reveal that Hurricane Ivan had no
significant statistical effect on unemployment rates between all 3 periods. However,
within one year, the area’s unemployment rates rose to greater than levels just after
Hurricane Ike. This is due to the recession. The recession had a more diverse effect on the
employment climate than Hurricane Ike.
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Figure 40. SPSS Output for ANOVA Analysis by County for Hurricane Ike

The Levene statistic showed a significant statistical relationship in the HOV
between July 2004, September 2004, and July 2005 with a significance of .024. The
ANOVA statistic also revealed significance between groups with a significance of .019
(Figure 40). These results show a statistically significant relationship between all three
months of unemployment rates. The inter-group relationships reveal an interesting story.
Florida had four major hurricane strikes on 2004, yet the unemployment rates were lower
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one year later than just before the storm. Some counties in this analysis were affected by
three of the four hurricanes, which struck Florida in 2004.

Figure 40. SPSS Output for ANOVA Analysis by County for Hurricane Charley

The Levene statistic showed a significant statistical relationship in the HOV
between July 2005, September 2005, and July 2006 with a significance of .004. The
ANOVA statistic revealed significance between groups with a significance of .000
(Figure 41). These results reveal that Hurricane Katrina had a major effect on
unemployment rates between all 3 periods. However, within one year, the area’s
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unemployment rates rebounded back to or below the pre-storm levels, which is reflected
with a significance of .388.

Figure 41. SPSS Output for ANOVA Analysis by County for Hurricane Katrina
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CHAPTER VI
DISCUSSION OF RESULTS
In Chapter III, I discuss Research Question One, which compares industries,
occupations, and meteorological elements against the post-storm unemployment. The
purpose of this statistical analysis was to determine if there was a significant relationship
between these groups. The strength of the correlations was weak with no significant
values. This result was directly related to the scale of the analysis. The sample set was
based on address level data from MDES with a total loss of 31% of original claimant
files. A county level analysis later in Chapter IV, using the entire U.S. Gulf coast, shows
that scale is important in determining statistical significance. By using county level
unemployment rates instead of address level data, all unemployment recipients are
included in the total. The same metrological and census variable were used. This time
there was a significant relationship between variables. In the next section, I explore the
results of all Research Questions and their relationships to each other.
Wind and the Unemployment Rate
The relationships in Research Question II could be taken further, so I did the same
analysis, except in a multi-linear regression instead of a single dimension to explore how
the variables contribute, as a whole, to the total variance. The purpose of this test is to
construct a model based on Saffir-Simpson Scale category, which predicts unemployment
rates after a tropical cyclone.
Results revealed that together, the wind and census variables join together to form
51% of the total variance (Figure 42). Exactly 37% of the variance is attributed to wind,
rain, and storm surge. The remaining 15% is distributed between the industry and
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occupation variables. There is a 1% overlap in variance between all variables in the same
model and analyzing them separately. This signifies that meteorological factors compared
to industry and occupation variables are almost completely independent (Figures 43 and
44).

Figure 42. SPSS Output for Multi-Linear Regression of All Variables

71

Figure 43. SPSS Output for Multi-Linear Regression of All Meteorological Variables.

Figure 44. SPSS Output for Multi-Linear Regression of All Census Variables
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In Chapter IV, I find that wind explains the highest percentage of the variance at
36%. I did an additional statistical test to determine how wind individually affects the
post-storm unemployment rate (Figure 45).

Figure 45. Linear Regression and Linear Trend Line for Wind vs. Unemployment Rate.
Through linear regression and an exponential trend line, the R2 becomes 46% of
the variance. The formula denotes that the predicted unemployment rate (y) is the result
of multiplying the chosen wind speed (x) raised to the 0.0222 power multiplied by
1.4143℮. Based on this regression model, Saffir-Simpson Scale predictions for
unemployment can be constructed (Figure 46).
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Figure 46. Linear Regression and Exponential Trend Line for Wind vs. Unemployment
Rate.

The purpose of the previous test was to acquire the highest level of variance for wind.
The purpose of this analysis was to construct a model based on Saffir-Simpson Scale
categories one to three, which predicts unemployment rates after a tropical cyclone. The
first step in this process was to calculate the mean for each Saffir-Simpson hurricane
category (Figure 47).
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Figure 47. Mean Calculations for Saffir-Simpson Scale Wind Speeds
The final step of this process was to utilize the exponential trend line formula and
calculate each mean wind speed (Figure 48). The results are predicted values of
unemployment based on Saffir-Simpson Scale category
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Figure 48. Unemployment Rate Model Based on Saffir Simpson Scale Category.
I attempted to validate this model using Hurricane Andrew (1992). The results
showed that it might only be valid for Mississippi. Hurricane Katrina skewed all data that
included it in previous analyses in this dissertation. This means there is potential for other
models, which do not include Katrina. Economic vulnerability in terms of unemployment
appears to be so different from state to state, that individual models may be more
appropriate than one that attempts to predict for the entire U.S. Gulf Coast.
Industries, Occupations and the Unemployment Rate
In Chapter IV, I answered Research Question Two by using multiple linear
regression. I compared all occupations, industries, and meteorological factors to the
unemployment rate with the explicit purpose of finding a relationship from which to
build a model. Using results from this test gave me to information needed to construct a
map representing block level employment vulnerability. Occupation and industry
variables independently, as groups, represent a percentage of the total labor force.
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Prior to Katrina, there were approximately 55,000 active businesses in
Mississippi. At the time, the largest employment sector in Mississippi was the service
industry, employing over 50% of all employees in the state (Parisi, Grice, and Pressgrove
2007). In the eleven Mississippi counties affected by Hurricane Katrina, there were
14,798 active businesses prior to the storm accounting for 27% of all Mississippi
businesses. These businesses employed 277,370 workers, which was 25% of all
employees in the state. There were 4,155 businesses in the eleven counties impacted by
Katrina, filed for disaster claims; this total represents 28% of all businesses and 15% of
all employees in Mississippi (Becker 2009).
Although the statistics did not reveal a highly significant relationship between the
unemployment rate and the hospitality industry, I added it to this analysis based on a
twenty-year professional career in the restaurant business as well as literature, and
published statistics. These results were not reflected in my statistical analysis due to the
nature of food service and hospitality occupations. Many seasonal employees are not
always eligible for unemployment benefits based on many criteria such as length of
employment and hours worked per week. Since my data is based on unemployment
insurance recipient information, not all those who lost their jobs in the hospitality
industry are counted since they received no benefits. There is also the issue of servers in
the food service sector, who make less than one-third the minimum wage due to an
adjustment for a tip-subsidized income. Servers who lose their jobs due to disaster face
the eventuality of not being eligible for unemployment benefits (Becker 2009).
Close to 54% of Mississippi businesses affected during Hurricane Katrina were in
the service sector. Within that sector, the most impacted subsector was accommodation
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and food service, which accounted for 44% of jobs impacted in the service industry.
Following the service sector is the retail trade (17.3%), construction (9.2%), and
manufacturing (7.6%). Within the manufacturing sector, the most impacted subsector was
transportation equipment, accounting for 64% of jobs impacted in the manufacturing
industry (Figure 49) (Parisi, Grice, and Pressgrove 2007).

Figure 49. Loss of Employment in Mississippi after Hurricane Katrina. Source: Bureau
of Labor Statistics (BLS 2011)
According to the Bureau of Labor Statistics 2011, Current Employment Statistics,
the largest job losses occurred in the leisure and hospitality industry (Figure 50).
Employment in construction edged up slightly from August to October 2005 (BLS 2006).
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Figure 50. Loss of Employment by Industry in Mississippi after Hurricane Katrina.
Source: Bureau of Labor Statitics (BLS 2006)
The relationship between manufacturing industry and unemployment rate was
statistically significant. The percentage of total labor force of the manufacturing and
hospitality industries were used to investigate spatial patterns at the block scale for the
U.S. Gulf Coast. The two industry variables were added together for a total percentage of
labor force from the 2000 census. The spreadsheet containing the values was joined to a
census block shapefile in GIS. The result was a thematic map of census block level
unemployment vulnerability (Figure 51). This same method was used to calculate levels
of workers by block in production occupations for another map (Figure 512). It should be
noted that the census blocks with the highest levels of their respective attributes are
mostly located within the counties with the highest post-storm unemployment rates.
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Figure 51. Map of U.S. Gulf Coast Production and Hospitality Industries.
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Figure 52: Map of U.S. Gulf Coast Production Occupations
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CHAPTER VII
CONCLUSION
This dissertation integrates existing scientific research, models, data, and reports
on Hurricanes Katrina, Ike, Ivan, and Charley from NOAA, USGS, FEMA, and other
government agencies so that they can be used as part of the framework to measure and
predict census block-level employment vulnerability. By utilizing meteorological
information and unemployment data before and after four major hurricanes, I was able to
determine, by census block, how areas were affected in terms of percentage of the labor
force on unemployment in the storm's wake.
A freely available, comprehensive database of critical emergency information or
model that is accessible to everyone has the potential of playing an important role in
hazard mitigation (Troy et al. 2008). My research methodology can be applied to
vulnerable communities nationwide to measure employment vulnerability at the census
block scale for an approaching tropical cyclone. If local, state, and federal government
agencies, tourism bureaus, town planners, and community organizations have access to
this information, they can produce informative geographical products for response and
recovery teams and formulate mitigation plans (Pompe and Rinehart 2008; Sadowski and
Sutter 2008; Santella, Steinberg, and Parks 2009).
With a relatively small percentage of the variance being accounted for in my
analysis, there is still a great deal of spatial variation that can be tested by future
researchers. Other variables that could be tested include destroyed businesses and homes,
levels of physical and environmental devastation, number of businesses in the vulnerable
classification, and limiting the area to only storm surge prone locations.
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My work demonstrates the need for visual representation of spatial patterns in
terms of economic vulnerability. The sub-field that most benefits from my research is
economic geography. Tourism drives the Mississippi Coastal economy in the form of
casinos, ocean boating, beaches, and restaurants. When those industries fail from a
hurricane or recession, it increases vulnerability, decreases resilience, reduces the tax
base, and threatens money derived from visitors for the entire area including businesses
that depend on them for their livelihoods, such as gas stations and car dealerships. If any
predictions can be made based on sound statistics, a community can use that information
to prepare for future disasters. Hurricane Katrina is not significant due just to her size and
strength, it is significant because of where, more specifically whom, it hit. The economic
tapestry that makes up the Mississippi Coast was the determining factor in terms of the
worst effects. This storm essentially hit poor, unprepared, complacent populations, and
the results were profound and in sharp contrast to different locations along the U.S. Gulf
Coast in similar hurricanes. Future studies on the economic conditions along the
Mississippi Coast would greatly assist planners and educators in identifying economically
vulnerable populations and locations.
Preparedness, Vulnerability, and Resilience
In 2004, four major hurricanes hit Florida, all Katrinas in their own right by
meteorological standards, and there were 30 total fatalities. Why did so many die in
Katrina? What does it say for preparation on the Gulf Coast? Is it the same for all states?
Why did we lose as many people in a hurricane in 2005 as we did in 1928? There are
many catalysts, which contribute to the overall death toll of a hurricane. These
characteristics can include local culture, zoning laws, building construction, weather
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forecasting, emergency response facilities, and public policy. Some contributing factors
cannot be quantified, such as complacency, belief systems, and governmental structure.
However, the main reason for high fatality rates in tropical cyclones around the world is
preparedness. Scientists, researchers, educators, and meteorologists have repeatedly
emphasized the great danger of a catastrophic loss of life in future hurricanes if proper
preparedness plans for vulnerable areas are not formulated, maintained, and executed. In
most cases, the main reason populations fail to be prepared is financial, whether a single
household or an entire state. If you do not have the money, how can you best prepare for
a disaster? Florida is the most hurricane ready state in the U.S. This is why they can
sustain four major hurricanes in one season and rebound relatively quickly compared to
most other hurricane prone states on the U.S. Gulf Coast. Another main contributor to
this issue is complacency. The study by Jarrell, Hebert, and Mayfield (1992) used 1990
census data to show that 85% of U.S. coastal residents from Texas to Maine had never
experienced a direct hit by a major hurricane. People, in general, think that no more large
loss of life will occur in a hurricane because of our advanced technology, improved
hurricane forecasts, and federal agencies such as FEMA. I was one of these people before
August 29, 2005.
Policy Influence
In 1992, Hurricane Andrew exposed the inefficiency and under preparedness on
behalf of FEMA and local Florida officials. Since that time, Florida has become the most
hurricane ready state in the country, more than doubling its number of local emergency
management agencies and developing a coastal task force to mitigate, prepare for, and
withstand the effects of a storm. FEMA was completely overhauled after Hurricane
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Andrew by President Bill Clinton when he assigned James Lee Witt as FEMA Director.
Witt transformed FEMA into an efficient agency, which was recognized during the 1993
Midwest floods.
Hurricane Katrina is no exception to Hurricane Andrew in terms of exposing epic
failure on behalf of the federal and local level governments. Except Category 3 Hurricane
Katrina did it in a much more dramatic fashion than Category 5 Hurricane Andrew in
terms of media, response, storm size, damage, monetary cost, and deaths. It is the storm
to which all others will be compared for many years to come, yet it is not the strongest or
the largest. What Katrina will be remembered for is the catastrophic failure on the part of
FEMA and the impacts on the city of New Orleans, rather than sheer physical
devastation. To most of the country, it will be remembered for 30,000 people starving at
the New Orleans Convention Center and an additional 100,000 at the damaged Super
Dome. It will be remembered for people being airlifted from their roofs in a drowning
city. Change needs to come from that in a modern society to be able to move forward.
When a major hurricane hits an area with fewer resources than another, it generally will
have a worse outcome, meaning there are more deaths and damage, and it takes longer
for that area to recover. Hurricane Katrina was that storm. Serious change needs to take
place on all levels from local to the federal government for tragedy of this magnitude to
be averted in the future.
Katrina has influenced policy in Mississippi and Louisiana. Building codes,
zoning laws, flood insurance rates, levee strengthening, coastal development limitations,
emergency planning, and response are just a few examples of how a major event can
influence policy change. For instance, in Bay St. Louis, Mississippi, a state of the art
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emergency operations command center (EOC) was constructed after Katrina to replace
the dilapidated fire facilities that existed in 2005. Bay St. Louis was obliterated during
Katrina, experiencing the highest winds, storm surge, and rainfall. If the EOC facility,
development regulations, and some of the zoning laws were in effect for Hurricane
Katrina, things would have been much different in terms of response and preparedness
for this town.
My research has the potential to influence policy change. I am simply saying in
this work that the higher your wind speed, the more people will be out of work in certain
areas. Having the knowledge of who will be out of work ahead of the storm informs
emergency planners where there may be many people in need of work to rebuild their
town. For instance, I determined statistically that people in production occupations would
be one of the highest percentages of unemployed workers after a storm. The business
establishments, which employ people in vulnerable professions, such as casinos and
restaurants, can be targeted by emergency planners for recruitment of employees into a
local task force assigned to rebuilding. Motivation, by way of financial incentives, can be
given to businesses that encourage their workers to get involved. This would require a
training and certification program, but would add to the peace of mind of planners by
having a trained group that will be ready to respond immediately and reassuring to the
citizens by guaranteeing work and pay while they have no job. This concept also bolsters
resilience, local pride, empowers citizens, and mitigates population loss.
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